1. Introduction
===============

Thoracotomy is known as one of the most painful surgeries.^\[[@R1]\]^ Thus, video-assisted thoracoscopic surgery (VATS) has been developed to reduce surgical stress in terms of operation technique. Although it has reduced postoperative pain and complications compared with thoracotomy, VATS is still quite a painful operation.^\[[@R2],[@R3]\]^

Opioids are essential part of balanced general and total intravenous anesthesia. However, reducing opioid consumption has become important because its side effects, such as delayed recovery from general anesthesia, opioid-induced hyperalgesia, sedation, nausea, and respiratory depression.^\[[@R4]--[@R6]\]^ Several modalities to reduce intraoperative opioid use have been suggested, including medications and nerve blocks.^\[[@R7]--[@R10]\]^

Serratus plane block (SPB) is a novel technique which provide analgesic effect against lateral chest wall pain by blocking the lateral branch of the intercostal nerve.^\[[@R11]\]^ It has been reported to be used for pain management, including the pain of rib fractures and herpes zoster, and postoperative pain.^\[[@R12]--[@R14]\]^ The block has become a popular analgesic modality because it is easy to perform and relatively safe.

However, the effects of SPB during intraoperative period have not yet been studied. Therefore, we investigated the effects of SPB on intraoperative opioid consumption, emergence time, and hemodynamic stability in patients undergoing VATS.

2. Methods
==========

The present study was approved by hospital ethics committee (KNUH 2018--06--006--002) and informed written consent for participating in the study was obtained from all patients. This study was registered at [https://clinicaltrials.gov](https://clinicaltrials.gov/) (NCT03718377).

Fifty patients with American Society of Anesthesiologists physical status class I or II, aged 20 to 75 years, undergoing three-port VATS lobectomy under general anesthesia were enrolled in this study. Exclusion criteria were: a history of allergic reaction to local anesthetics, coagulopathy, local infection at the injection site, and systemic infection.

Enrolled patients were divided into 2 groups in a 1:1 allocation ratio by computer-generated block randomization using block sizes of 2, 4, and 6. Opaque sealed envelopes were used to conceal the allocation sequence by unrelated assistant to this study. Group G (n = 25) received conventional general anesthesia care, and Group S (n = 25) received SPB in the regional-anesthesia unit outside operation room before induction of general anesthesia. Data were collected by the attending anesthesiologist, who was blind to the group assignment.

All SPBs were performed by a single practitioner. After sterilization of the injection site on the lateral chest wall, a high-frequency linear transducer was used to identify the fifth rib at the mid-axillar line. The serratus anterior and latissimus dorsi muscles were then easily identified above the rib. A 20-gauge Tuohy needle was introduced in the interfascial space between the serratus anterior and latissimus dorsi muscles using an in-plane technique. After confirming the interfascial space using hydrodissection with normal saline, 20 ml of 0.375% ropivacaine was injected. Loss of pinprick sensation was checked using a blunt needle for confirming success of the block.

No premedication was administered. Using standard monitoring protocols in the operating room, anesthesia was induced with propofol (2 mg/kg), remifentanil (0.3--1.0 μg/kg/minutes), and rocuronium (0.8 mg/kg). Intubation was performed using a double-lumen tube. A radial artery catheter was used for continuous blood pressure monitoring.

During surgery, anesthesia was maintained by adjusting propofol concentration for a bispectral index of 40 to 60 and remifentanil concentration for blood pressure and heart rate within 70% to 130% of the baselines. Rocuronium (0.2 mg/kg) was administered every 30 minutes. If abrupt hypotension, hypertension, bradycardia, or tachycardia developed beyond 70% to 130% of the baseline and was hard to control by adjustment of remifentanil and fluid therapy, appropriate medication including ephedrine, phenylephrine, nicardipine, esmolol, or glycopyrrolate was administered. At the completion of surgery, sugammadex 4 mg/kg was administered to all patients. Extubation was conducted after confirmation of bispectral index above 80, opening of the eyes, sufficient spontaneous respiration, and full recovery of motor functions.

The primary outcome of the present study was intraoperative remifentanil consumption. Secondary outcomes were emergence time, systolic blood pressure (SBP), heart rate (HR), and doses of rescue drugs used to control blood pressure and HR. The recording time of SBP and HR was set for 1 hour because mean surgery time (107.2 minutes) was shorter than 2 hours during a pilot study. The SBP and HR were recorded before induction, immediately after incision, and subsequently, at 5, 15, 30, and 60 minutes during the surgery.

The sample size was calculated based on a pilot study comparing remifentanil consumption in 8 patients: group receiving general anesthesia care, 869.8 ± 117.7 μg; and group receiving SPB before general anesthesia, 693.3 ± 245.0 μg. The present study required 22 patients in each group for alpha = 0.05 and statistical power = 0.9. Considering a 10% dropout rate, 25 patients would be required per group.

The IBM SPSS software (version 20; IBM Corp., Armonk, NY, USA) was used for statistical analysis. For continuous variables, after assessment of normality using Shapiro--Wilk test, Student\'s *t* test and Mann--Whitney *U* test were used to compare normally and non-normally distributed continuous data, respectively. Categorical variables were compared by using Fisher\'s exact test. *P* values \< .05 were considered statistically significant.

3. Results
==========

Fifty patients were included in the present trial. Among them, 4 patients were excluded because of conversion to open thoracotomy (2 from Group G and 1 from Group S) and closure without performing surgery due to unexpected pleural metastasis (1 from Group S). Therefore, 46 patients were analyzed (Fig. [1](#F1){ref-type="fig"}). There were no differences between the groups in terms of demographics, duration of anesthesia and surgery, and initial SBP and HR (Table [1](#T1){ref-type="table"}).
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###### 

Demographics of the study patients.
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Intraoperative remifentanil consumption was significantly lower in Group S (519.9 ± 246.7 μg) compared to Group G (1047.7 ± 390.8 μg) (*P* \< .001) (Table [2](#T2){ref-type="table"}).
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Intraoperative remifentanil consumption.
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Emergence time was significantly shorter in Group S (10.8 ± 4.6 minutes) compared to Group G (14.9 ± 6.1 minutes) (*P* = .01) (Table [3](#T3){ref-type="table"}). There were no significant differences in SBP and HR between the groups at each time point (Figs. [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}). The doses of rescue drugs used for controlling blood pressure and HR were not significantly different between the 2 groups.

###### 

Emergence time.
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![Time course of systolic blood pressure. The box-and-whisker plot shows the values immediately and 5, 15, 30, and 60 minutes after incision. The middle line in the box represents median value, the upper, and lower margins of the box represent the third and first quartiles, respectively, and the whiskers represent the maximum and minimum values. There was no significant difference between Group G and Group S. Group G, patients who received general anesthesia alone; Group S, patients who received a combination of general anesthesia and serratus plane block.](medi-98-e15385-g005){#F2}

![Time course of heart rate. The box-and-whisker plot shows the values immediately and 5, 15, 30, and 60 minutes after incision. The middle line in the box represents median value, the upper and lower margins of the box represent first and third quartiles, respectively, and the whiskers represent the minimum and maximum values. There was no significant difference between Group G and Group S. Group G, patients who received general anesthesia alone; Group S, patients who received a combination of general anesthesia and serratus plane block.](medi-98-e15385-g006){#F3}

There were no block-related complications, such as local anesthetic toxicity, pneumothorax, bleeding, and infection.

4. Discussion
=============

In the present study, we demonstrated that ultrasound-guided SPB, in combination with general anesthesia, significantly reduced intraoperative remifentanil consumption and shortened emergence time compared with general anesthesia alone in patients who underwent VATS lobectomy. Intraoperative hemodynamic parameters were maintained stably in both groups, and there were no block-related complications, such as local anesthetic toxicity, bleeding, and infection.

Over the past 2 decades, VATS has been widely used for lobectomy as an alternative to thoracotomy. Numerous studies have reported advantages of VATS including less postoperative pain and morbidity, shorter duration of hospitalization, and improved quality of life.^\[[@R3],[@R15]--[@R18]\]^ Although VATS reduces postopertive pain, it is still a painful surgery.^\[[@R2],[@R3]\]^ A recent randomized study reported that the proportion of patients with clinically relevant pain was significantly lower in the VATS group than the thoracotomy group during the first 24 hours; however, 38% of patients in the VATS group still had moderate-to-severe pain.^\[[@R3]\]^

While conventional VATS lobectomy has been performed with multiport approaches (our institution uses a standard three-port VATS technique) uniportal VATS lobectomy has recently emerged. Some studies have reported that the uniportal approach has several benefits compared with multiportal VATS, including shorter duration of hospitalization, reduction in the duration of postoperative drainage, and morbidity.^\[[@R19],[@R20]\]^ However, uniportal VATS has not been widely performed and its efficacy is still under debate. ^\[[@R21],[@R22]\]^

Preemptive analgesia is the notion that pain control is more effective if administered before the surgical incision.^\[[@R23]\]^ The goal of preemptive analgesia is to prevent sensitization of the peripheral and central nervous systems, thereby decreasing perioperative opioid consumption and postoperative pain. Therefore, techniques of regional anesthesia techniques have been suggested as one of the means to achieve this goal by blocking the conduction of surgical stimuli.^\[[@R24]--[@R27]\]^

Epidural, paravertebral, and intercostal blocks are some of the conventional techniques of regional anesthesia for thoracic surgery. However, each of these blocks has some drawbacks. Epidural block has been considered the gold standard for managing thoracotomy pain.^\[[@R23]\]^ However, it involves unnecessary bilateral block, including the sympathetic nervous system, and several complications, such as hypotension, epidural hematoma, abscess, and dural puncture.^\[[@R28],[@R29]\]^ Hence, some clinicians have suggested paravertebral block as the new gold standard because it has similar efficacy with regard to pain control; less hypotension; and lower risk of epidural hematoma and abscess, and dural puncture compared with epidural block.^\[[@R1],[@R30],[@R31]\]^ However, it has also some drawbacks, such as pneumothorax and difficult technique despite the use of ultrasound.^\[[@R32]--[@R34]\]^ Intercostal nerve block is easy to perform using ultrasound and does not contain the sympathetic block; however, it also has some shortcomings, such as pneumothorax, short duration, high plasma absorption of local anesthetics, and need to block multiple nerve levels.^\[[@R32],[@R34]\]^ Thus, regional anesthesia for thoracic surgery is a challenging task for many anesthesiologists despite its considerable advantages.

SPB was introduced as a novel regional block technique for unilateral thoracic wall pain.^\[[@R11]\]^ In SPB, local anesthetics are injected into the serratus plane at the fifth rib level at the mid-axilla line under ultrasound guidance. The local anesthetics spread along the plane where the lateral branches of the intercostal nerves pass through, and thus, the lateral chest wall is blocked.

In the present study, intraoperative remifentanil consumption was significantly lower in patients administered SPB than in those who received general anesthesia alone. This could be attributed to the analgesic effect of the SPB, which probably acted as a substitute for opioids with regard to managing hemodynamic stability. The SPB blocks peripheral nerves, that is, the lateral cutaneous branches of the intercostal nerves.^\[[@R11]\]^ Since nociceptive afferent transmission is blocked, the sympathetic response of increasing blood pressure and HR is reduced. Therefore, SPB could reduce the required dose of remifentanil without causing hemodynamic instability. This result suggests that SPB is effective in maintaining hemodynamic stability intraoperatively during VATS lobectomy.

In this study, the doses of rescue drugs were not statistically significantly different between the 2 groups. This study was designed to compare the required dose of opioids between SPB with general anesthesia and general anesthesia alone. Thus, hemodynamic changes during surgery were preferentially managed using remifentanil to reduce the effect of other variables. Rescue drugs for hemodynamic stability were administered only when the vital signs were not controlled using remifentanil and fluid administration.

In the present study, emergence time was significantly shorter in patients administered SPB than those administered general anesthesia alone. Side effects of opioids, such as opioid-induced hyperalgesia, sedation, nausea, and respiratory depression, could delay recovery from general anesthesia.^\[[@R4]--[@R6],[@R35]\]^ Uncontrolled pain is associated with insufficient spontaneous respiration and could delay extubation.^\[[@R36]\]^ We speculate that the emergence time was short in patients administered SPB because there was adequate pain control and reduced opioid consumption.^\[[@R37],[@R38]\]^

To our knowledge, this is the first study to describe the effects of SPB during the intraoperative period as regional anesthesia technique for VATS. However, our study has several limitations. First, our sample size was relatively small, although we calculated the minimal sample size based on a pilot study to achieve an adequate power. Second, patients in the study were from a single center. Therefore, the results may not be generalizable. Further, multicenter studies in various populations are needed to validate our findings. Finally, the effect of SPB on postoperative opioid consumption and pain were not evaluated. However, previous reports have already shown that SPB is effective in reducing postoperative opioid consumption and pain.^\[[@R13],[@R39],[@R40]\]^

In conclusion, we demonstrated that ultrasound-guided SPB decreases intraoperative opioid consumption in patients undergoing VATS. In addition, emergence time was reduced and hemodynamic stability was maintained without block-related complications. Therefore, ultrasound-guided SPB could be a safe and effective technique for achieving regional anesthesia technique for VATS.

Author contributions
====================

**Conceptualization:** Saeyoung Kim.

**Data curation:** Jungwon Lee.

**Formal analysis:** Saeyoung Kim, Jungwon Lee.

**Investigation:** Jungwon Lee.

**Methodology:** Saeyoung Kim.

**Supervision:** Saeyoung Kim.

**Writing -- original draft:** Jungwon Lee.

**Writing -- review & editing:** Saeyoung Kim, Jungwon Lee.

Jungwon Lee orcid: 0000-0003-3510-315X.

Saeyoung Kim orcid: 0000-0003-1650-3385.

Abbreviations: HR = Heart rate, SBP = Systolic blood pressure, SPB = Serratus plane block, VATS = Video-assisted thoracic surgery.

The authors have no conflicts of interests to disclose.
